











































Dynamics:   (a)  If no measurement  is  made,  then a system S evolves 
continuously   according   to   the   linear,   deterministic  dynamics,  which 









Applying   this   to   the   universe   as   a  whole,   from   the   perspective   of   a   specific 
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observer, the linear dynamics is the time evolution of the overall system, defined 
by   a   specific   quantum   state.   Since   this   defines   the   probability   amplitudes   for 
possible  events,   interactions  of  matter  and energy,   throughout   four­dimensional 
space­time, this defines a block universe: here the quantum mechanical frame of 
reference. The collapse dynamics is the change in that four­dimensional definition, 










four­dimensional   'frames',   each   one   a   four­dimensional   array   of   probability 
amplitudes defined by a specific wave function. 
The   linear   dynamics   of   a   specific   quantum   state   defines   the   probability 
amplitudes   for   possible   events,   throughout   the   four­dimensional   space­time 
universe.  With   respect   to   the  probability   amplitudes  of   events,   this   is   a   four­
dimensional frame of reference, here the quantum mechanical frame of reference. 
Collapse   is   the   change   of   the   linear   dynamics,   the   transition   from   one   such 






Applying   this   principle   to   the  whole   four­dimensional   space­time   physical 
environment,   the   quantum   state   of   the   universe   defines   the   four­dimensional 








… an overarching march of   time,  with  respect   to  which  this   four­
dimensional   block   universe   itself   undergoes   change,   in   the   same 







Thus  in   the  context  of   the quantum concept  of   time,   the   time evolution of  the 




















Throughout   the   four­dimensional   quantum  mechanical   frame   of   reference,   as 
defined by a specific quantum state with a specific linear dynamics, the definition 
of  the probabilities  of  events   is   fixed and static.  Thus with regard  to   the  four­
dimensional   quantum  mechanical   frame   of   reference,   the   tenseless   semantics 




linear   dynamics   defines   the   time   evolution   of   the   three­dimensional   spatial 








linear   dynamics   of   the   quantum   state   defines   specific   truth   values   for   the 
probability   amplitudes   for   possible   events,   for   all   positions   throughout   four­
dimensional  space­time.  The truth value of   this  proposition does not  vary with 
regard to linear time, since the the four­dimensional array of probability amplitudes 
does not change: the entire spread of values for different positions in linear time is 




has   different   truth   values   at   different   times   in   collapse   time.  A   succession   of 
different quantum states give rise to a succession of different values for the linear 
dynamics,   each   of   which   defines   different   truth   values   throughout   the   four­









in   physics:   namely   a   single   quantum  mechanical   frame   of   reference   for   all 
observers. This is specifically refuted by Rovelli:
…   quantum   mechanics   indicates   that   the   notion   of   a   universal 
description of   the   state  of   the  world,   shared by all  observers,   is   a 








Everett   defines   the   functional   identity   of   the   observer   as   the   state   of   the 
memory, defined in turn as the record of sensory observations and machine state. 
As shown elsewhere (Soltau, 2010a) this implies an effective physical environment 
determinate  only where observed by  this  observer:   the  physical  environment   is 
otherwise   indeterminate,1  Thus   the   determinacy   of   the   effective   physical 
environment, the quantum mechanical frame of reference, is defined solely by the 
record of observations made: sensory observations of the external environment plus 
observations   of   machine   state,   in   the   human   observer,   proprioception, 
enteroception, thoughts, feelings etc..
Everett's   formulation   dispenses   with   the   collapse   dynamics   as   a   physical 
process, thus resolving the measurement problem. He demonstrates that this is an 













In  this  quantum mechanical   frame of  reference  the  linear  dynamics progresses, 
until there is a collapse, and the cycle recurs. Everett's formulation thus describes 
the time evolution of the effective physical environment of the observer,  which 
alternates  between  the   two quantum mechanical  dynamics,   linear  and  collapse, 
exactly as defined in  the standard von Neumann­Dirac formulation of quantum 
mechanics  (1955).  This  very  clearly   illustrates   the   two different   types  of   time 
evolution of the physical environment effective for the observer.
1 This   is   strikingly   similar   to   the   holographic   principle   of   t'Hooft's   Dimensional 

























Nothing  can move from one moment to another.  To exist at  all  at  a 
particular moment means to exist there for ever. (1997, 263; his italics)
The   puzzle   is   resolved   very   simply   by   Everett's   formulation.   To   make   an 
















This   is   a  mental   construct,   and   it   is   updated  with   each   new  observation.  As 
described in some detail  elsewhere (Soltau,  2010b),   the  record of observations, 






reality,   so   too   is   the   experience   of   the   present  moment,  which   is   seamlessly 
blended into the experiential reality.
The   physical   brain,   along  with   everything   else   in   physical   reality,   evolves 














…  the   observer­system   state   describes   the   observer   as   definitely 
perceiving   that   particular   system   state.   This   correlation   is   what 
allows  one   to  maintain   the   interpretation   that   a  measurement  has 
been performed. (1957, p. 459; his italics)






cause   of  much   difficulty   in   comprehending   relational   quantum  mechanics   in 
general  and Everett   in particular.  This difference  is  explained by the difference 
between the outside view and the inside view of a quantum mechanical frame of 
reference, as explained by Tegmark (1997, 1998, 2007, 2010). This is very simply 
resolved by noticing that Everett defines the functional identity of the observer as a 
structure of information, the record of observations. Objectively, physically, as a 
new   observation   is  made,   all   possible   versions   of   the   observation   are  made, 
resulting in all  possible versions of the observer at  the next moment. However, 
each new version of   the functional   identity  of   the  observer  is  a new record of 
observations,  a  new structure  of   information.  Moreover,  each such structure  of 
information   exists,   subjectively,   in   a   slightly   different   version   of   the   physical 
environment:   one   in   which   a   specific   version   of   the   observation   has   been 
determinately made. There is thus a branching reality. As Everett states:







simultaneity,   a   superposition   decohering   almost   instantly   to   a   mixture. 
Subjectively, each record of observations exists in a slightly different version of the 
physical   environment,   that   defined   by   the   correlations   established   with   that 
environment, and that alone. This is the difference between the inside and outside 
views of a quantum mechanical frame of reference, as explained by Tegmark.


























are   really   successive   cross­sections   of   immobile   4D   objects   past 
which our field of observation is sweeping.  (1994, p. 389)
Subjectively, the passage of time occurs in the linear time dimension of space­time. 
In  the experiential  reality of  the observer,   the sensorium is constant for a brief 














These   two   kinds   of   time   operate   cyclically,   as   defined   by   the   standard   von 





The  linear  dynamics  defines   the  probability  amplitudes,   for  possible  events, 













layouts   can   be   calculated.   Thus   predictable   changes   to   the   inertial   frame   of 
reference can be computed. Newtonian mechanics is an approximation of the linear 
dynamics of quantum mechanics, thus the same principle applies. In other words, 
within   the   context   of   the   block   universe,   changes   in   the   perceptual   frame  of 
reference, Penrose's  field of  observation,  the physical  frame of reference of  the 
observer, can be computed.
The   collapse  dynamics   is   the   change  of   the   linear   dynamics,   thus   the   two 
dynamics are of different logical types. These two different kinds of time evolution 
of physical systems are not only of different logical type, they operate with respect 
to   two  different  kinds  of   frame  of   reference.  The   linear  dynamics  defines   the 
change   of   the   physical   frame  of   reference,  within   the   context   of   the   physical 
environment defined by a specific quantum state:  here  the quantum mechanical 
frame   of   reference.   The   collapse   dynamics   defines   the   change   of   the   four­





of   time   is   required.  As  Deutsch   describes   (1997,  Chapter   11)   the   no­collapse 
universe is  like a multiverse of  snapshots,  definitions of  the state of  the whole 





















...   [our   theory] can be said  to  form a  metatheory  for   the standard 
theory. (1957, p. 462; his italics)
by this he means that:
While   our   theory   ultimately   justifies   the   use   of   the   probabilistic 
interpretation  as  an  aid   to  making  practical  predictions,   it   forms  a 






... it is not so much the system which is affected by an observation as  










dimension   of   space­time.   With   respect   to   Newtonian   mechanics,   relativistic 
mechanics, and the linear dynamics of quantum mechanics,  this position on the 
time   dimension   of   space­time   defines   a   specific   physical   or   inertial   frame   of 
reference. Change of this position on the time dimension of space­time results in 
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change of  the physical   frame of  reference,  and correspondingly different   three­
dimensional spatial arrangements of matter and energy.
With respect to the quantum concept of time, the now is defined by the quantum 
state   of   the   effective   physical   environment,   the   specific   “...  static   relative 
configuration  of   the   complete  universe.”   (Barbour,   1994,   abs).  Change  of   the 


















the   sensorium,  and,   concomitantly,   the  effective  quantum state  of   the  physical 
























of events,  and all  possible consequent  states of  a physical universe.  This is  the 







physical   environment,   as   a   succession   of   new   correlations   is  made  with   the 
environment.  Thus   there   are   two  different   types  of   time   evolution   in   the   two 
different types of frame of reference. 
Linear   time,   progression   along   the   linear   time   dimension   of   space­time,   is 
experienced   as   the   passage   of   time,  within   the   context   of   a   specific   quantum 
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